; Tibayrenc and Ayala by hybridization with a large set of T. cruzi stocks characterized by multigenic study relying on both MLEE and RAPD. Then, these clonets 1988; Gibson and Miles 1986; Solari et al. 1992; Steindel et were detected in the blood of Chagasic children from a Bolivian enal. 1993; Tibayrenc et al. 1993 ). The T. cruzi populations have demic area by a combination of polymerase chain reaction and cloneta basically clonal population structure (Tibayrenc et al. 1986 ), specific DNA hybridization. The distribution of these clonets in patients but genetic exchange may occur in a particular sylvatic cycle was significantly different from that observed in the vectors of the (Carrasco et al. 1996) . The term "clonet" was proposed by same area (Triatoma infestans). In vectors, clonets 20 and 39 are found with comparable frequencies (0.69 and 0.67, respectively) in contrast Tibayrenc and Ayala (1991) to identify all isolates that appear with patients, in whom clonet 20 and mixed infections exhibit low identical in a clonal species with a given set of genetic markfrequencies. The Chagasic population can be divided into acute infecers. The "clones" delimited in T. cruzi by either isoenzyme tions and latent infections above the accepted criterion of parasitemia characterization or random primer amplified DNA (RAPD) (direct microscopic examination). The results suggest a limited selecfingerprinting should rather be considered "clonets." Some tion in the transmission of the two clonets and a further drastic control of clonet 20 parasitemia by the immune system of children paclonets appeared widespread and abundant and were named tients. ᭧ 1998 Academic Press "major clones" (Tibayrenc and Brenière 1988) . Lastly, several
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authors proposed the existence of two major lineages of T.
infestans; Chagas disease; clones; PCR; MLEE; RAPD; human transcruzi (Tibayrenc 1995; Souto et al 1996) .
mission.
Previously, we designed a molecular clonet identification based upon variable region of minicircle kDNA polymerase chain reaction (PCR) followed by Southern hybridization the study of the human population. We also captured from various according to Tibayrenc et al. (1986) ]. The direct identificasites 1013 T. infestans in four other locations in the Cochabamba tion and characterization of T. cruzi clonets circulating in department (Ailquile, Quiroga, and Capinota communities and Co- the principal vector of Chagas disease in Bolivia (Triatoma chambamba city). The sex of the adults and the nymphal instars was infestans) with these probes revealed the actual frequencies determined for each insect. To detect T. cruzi infection, a drop of feces from each insect was mixed with phosphate-buffered saline and of these clonets in the Bolivian domestic cycle and demonmicroscopically observed for 5 min at an ϫ400 magnification.
strated an appreciable incidence of mixed infections (BrenSerological diagnosis. Four assays were used for detection of spe- ière et al. 1995; Bosseno et al. 1996) increase the number of mixed infections detectable in the The diagnosis was based on positivity or negativity of three of four tests.
course of the disease. Nevertheless, the medical consePolymerase chain reaction diagnosis. The procedure for PCR of quences of mixed infections in human beings remain to fecal samples was according to Brenière et al. (1995) with the use of be determined. We applied a modified PCR technique for primers CV1 and CV2 (Genset Laboratory, Paris, France), chosen to amplify the hypervariable region of kDNA minicircles (HVRm, Fig. amplification in blood samples of the variable kDNA mini-1). The PCR was applied to microscopically positive feces samples circles and obtained an optimal sensitivity of this technique collected in the different localities as well as to negative controls and compared with conventional serology (Wincker et al. 1994 ).
certain fecal negative microscopic samples.
Chagas disease is a long-persisting chronic infection startThe PCR procedure in blood was performed in duplicate according ing with an acute period lasting 1 or 2 months, in which to the method described by Wincker et al. (1994) . The amplification was performed with oligonucleotide primers 121 and 122 (Britto et parasites can be detected in blood by direct microscopic al. 1995), chosen also to amplify the hypervariable region of kDNA observation. Then the infection becomes latent for a long minicircles (HVRm). Figure 1 shows the annealing positions of the period in which parasitemia is subpatent. Several factors two sets of primers and their sequences. According to previous experimay take part in the control of parasites, and antibodies ments, the first set of primers (CV1 and CV2) is useful for direct seem to play an essential role. Antibodies against T. cruzi detection of clones in feces of vectors (Brenière et al. 1995) , and the second set of primers (121 and 122) appears more sensitive in blood are able to lyse trypomastigotes and partly block parasite samples (unpublished data). The two sets of primers were also used penetration of host cells (Krettli and Brener 1982) .
to amplify the variable regions of minicircles from total DNAs (10 Medical and biological properties of different clonets are ng) of 45 T. cruzi reference stocks characterized by genetic markers poorly documented, although significant biological differences between clonets are observed in vitro and in vivo (Sanchez et al. 1990; Laurent et al. 1997; Revollo et al. in press) .
Given the existence in the Bolivian domestic cycle of two principal clonets (20 and 39), the aim of this work was to improve the direct detection of the major clonets in the blood of young children and to compare their frequencies with those found in T. infestans vectors.
MATERIALS AND METHODS
Patients. A population of 270 school-age children from 5 to 10 years old living in the community of Mizque (Cochabamba department), a high endemic Chagas disease area, was simultaneously screened for parasitological and serological diagnosis as well as PCRbased detection. (see later discussion). PCR products were analyzed by electrophoresis (substrates: l-leucylleucineleucine and l-leucyl-l-alanine) (PEP, EC 3.4.11 or 13.*), 6-phosphogluconate dehydrogenase (6PGDH, EC on 0.8% agarose gels in TAE ϫ 0.5 and visualized by ethidium bromide staining.
1. Briefly, amplification reactions were performed U.K.) by vacuum blotting. For the vacuum transfer, the gel was placed on a prewet membrane, with filter paper followed by a piece of diaper in a volume of 60 l containing 10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl 2 , 50 mM KCl, 0.001% gelatine, 10 M each of dNTP, 0.2 M primer, 10 below. This "sandwich" was covered with plastic wrap and placed on a gel dryer (Bio Rad, Paris, France), and vacuum was applied for 10 min ng of genomic DNA, and 0.6 U of Taq DNA polymerase. After mixing, the tubes were placed in a PTC 100, MJ Rechearch Inc. thermal cycler without heat. Each membrane included negative controls and two PCR positive controls corresponding to clonets 20 and 39.
for 45 cycles of 1 min at 94ЊC, 1 min at 36ЊC, and 2 min at 72ЊC. A final extension was performed at 72ЊC for 7 min. Each protocol included Probes. Two clonet-specific probes (numbered 20 and 39) were purified from their respective HVRm DNA fragments produced by the controls without DNA template. Amplification products were analyzed by electrophoresis in 1.6% agarose gels and detected by staining with PCR (CV1 and CV2 set of primers) from two T. cruzi reference stocks-namely, TPk1, attributed to clonet 39, and S034 cl4, attributed ethidium bromide. The conditions were optimized to obtain reproducible patterns. to clonet 20 (Brenière et al. 1992) . The DNA was digested with restriction endonucleases Sau 96 I and Sca I (Promega, Madison, Data analysis. Each RAPD reproducible gel band was coded with a number, starting with 1 for the slowest band (largest DNA fragment). WI) to eliminate part of the oligonucleotide primers selected in the conserved region of the minicircle.
Each stock was thus represented by a set of numbers for each primer. A matrix of presence and absence of each band was deduced from Labeling and hybridization conditions. Membranes were hybridized by using the enhanced chemiluminescence gene detection system these data for all stocks. The same method was used for the generation of MLEE matrix. (ECL, Amersham, Buckinghamshire, U.K.). Probes were labeled according to the manufacturer's recommendations for ECL. Briefly, the Variability among stocks was estimated by Jaccard's phenetic distances for both MLEE and RAPD (Jaccard, 1908; membranes were incubated at 42ЊC in hybridization buffer (0.12 ml/ cm 2 ) for 15 min. Each of the purified probes was labeled for 10 min 1993). The correlation between the two sets of similarity index (Jaccard's distances) was estimated by the Mantel t-test (Mantel, 1967) . at 37ЊC. Ten nanograms of labeled probe per milliliter of hybridization buffer was added to the membranes. Hybridization was performed at Genetic variability among stocks was also estimated by patristic distances calculated from one matrix (presence or absence) joining 42ЊC overnight in a rotating oven. The membranes were washed twice under highly stringent conditions (6 M urea, 0.1 SSC at 42ЊC for 20 RAPD and MLEE matrixes. Phylogenetic relationships among the stocks were visualized by a minimum-length unrooted Wagner network min) and then twice in 2 ϫ SSC at room temperature for 10 min. Two exposures were performed (1 and 30 min) on Hyperfilm-MP (Farris 1970; Felsenstein 1978) . The support of each node was tested by a bootstrap analysis (Felsenstein 1985) . (Amersham, Buckinghamshire, U.K.).
Genetic characterization of reference stocks. Table I summarizes Comparison of the clonet frequencies were performed by the chi that groups 1 and 2 occurred 97 and 93 times out of 100 probes, suggestive of the presence of other clonal genotypes, whose taxonomic identity remains to be determined. replicates, respectively. This result supports the existence of
In the other localities of the Cochabamba department, we two major phylogenetic lineages, as previously proposed also observed similar frequencies of clonets 20 and 39, ex- (Tibayrenc, 1995) . Nevertheless, each lineage is composed cept in the Capinota region, where clonet 20 appeared to be of stocks presenting high diversity. Bootstrap analysis shows more frequent than clonet 39. Mixed infections also were that, within each lineage, some stocks are gathered together abundant, ranging from 31.1% to 85.7% in the locality of with a high probability. It is worth noting that, in lineage 1, Quiroga. In these other locations, 7.4% of the insects were nine stocks (SP104 cl1, Cutia cl1, P11 cl3, 13379 cl7, P209
probably infected by other clones (samples that are not recogcl1, Cuica cl1, Esquilo cl1, SO34 cl3, and Gamba cl1) are nized by probe 20 or 39). This percentage is similar to that truly gathered; this group occurred 82 times out of 100 found in the locality of Mizque. In the whole population, replicates. In lineage 2, we observed six stocks (IVV, TU18 clonet distribution was analyzed according to sex and cl2, MVB, Esmeraldo cl3, MAS1, and CBB cl3) and eight nymphal instars by the chi 2 test (Table III IgG serology (40.7%); 1 gave a doubtful result (two positive identical. Thus, any of these primers can be used for direct tests and two negative tests). In the whole population, 12 detection of clonets 20 and 39 in biological samples.
(4.4%) children presented a positive direct parasitological For either probe 20 or probe 39, each hybridization pattern diagnosis (buffy coat) and were considered recently infected was restricted to a limited number of stocks, and we did (acute cases). One hundred six children were PCR (ϩ) not observe any cross-reaction between the probes (Fig. 2) .
(39.2%), and the agreement between the two techniques Except for stock 13379 c17, probe 20 hybridized all closely (PCR and IgG serology) was 95.5%. The patient with doubtrelated stocks, which fall into a specific cluster, as evidenced ful results presented a PCR (ϩ). Table IV presents the hyby the Wagner network and the bootstrap analysis (Fig. 2) .
bridization results of 137 PCR products including the majorSimilarly, probe 39 hybridized stocks gathered with a high ity of PCR (ϩ) and 44 randomly selected PCR (Ϫ) products probability and the NT outside group stock.
as hybridization control. We routinely prepared one negative Identification of clonets 20 and 39 in vectors. All invescontrol (a blood lysate from a normal person) and one positigated areas are situated in Cochabamba department, where tive control (a blood lysate from a positive Chagasic patient) T. infestans is well established in domestic and peridomestic for every five samples tested. Each DNA extraction was sites. The infection rates of the triatomines determined by performed in duplicate for each patient, and PCR was permicroscopic observation were 42.6% for the entire populaformed independently on these two preparations; a typical tion and were even high (30.2%) in the urban area of Cocharesult for a series of PCR tests is shown in Fig. 3 . As bamba city (Table II) . Hybridization results obtained after for vector feces hybridization, we observed three different transfer of the PCR positive products of fecal samples onto hybridization patterns (Fig. 4) that correspond to the identifimembranes are summarized in Table II . All positive PCR cation of either clonet 20 or clonet 39 or both. The cases samples showed a major band of 270 bp previously demonof PCR (ϩ) with absence of recognition of amplified prodstrated to be specific for the T. cruzi species (Veas et al.
ucts by any of the two probes probably correspond to other 1991). Three different hybridization patterns were observed:
clones genetically unrelated to clonets 20 and 39. Among (1) samples positive with either probe 20 or probe 39; (2) the 44 PCR (Ϫ) products, 41 showed no hybridization, as samples positive with both probes (mixed infections); and expected (Table IV) . Nevertheless, 3 of these PCR (Ϫ) sam-(3) samples negative with both probes. The control samples ples were hybridized by probe 39. Two of them corresponded were all PCR and hybridization negative as expected.
to patients with positive IgG serology (Chagasic patients). In the Mizque community, the frequencies of clonets 20
The hybridization step can be sensitive enough to detect and 39 were 0.69 and 0.67, respectively, of which 43.1% amplified products not detectable by ethidium bromide stainwere mixed infections. The vast majority of the insects aping. The third patient had a negative IgG serology and a peared to be infected by clonet 20 or 39 or both. However, contamination problem can be suspected. Among the 93 PCR (ϩ) products, a large majority were hybridized by four samples (7.8%) were not recognized by either of the two probe 39 (85%). In only one patient did we identify clonet increase in the percentage of patients infected by clonet 39 is observed ( 2 ϭ 6.8, df ϭ 1, PϽ 0.02). In contrast, when 20 alone, and 18.3% of the patients presented a mixture of the two clonets. Nine of 93 patients with PCR (ϩ) presented we compared the distribution of the clonets in vectors and in the patients presenting a positive buffy coat (acute cases), a positive buffy coat (acute cases). Clonet distribution in this group therefore appears different from the clonet distriwe did not observe a significant difference between the respective infection rates by clonet 20 ( 2 ϭ 0.01, df ϭ 1, bution in the group of patients with negative buffy coat (84 latent infections, Tables IV and V). The patients in the acute P Ͼ 0.05). The clonet distribution in the group of latent infections is similar to that obtained for the entire population. phase present a higher frequency of clonet 20 and of mixed infections (Yates's corrected 2 ϭ 12.8 and ϭ 14.0, respectively, with df ϭ 1 and P Ͻ 0.001).
Comparison of the clonet distribution in vectors and pa-DISCUSSION tients. Table V 
Note.
2 ϭ 15.68; df ϭ 9; P Ͼ 0.05.
FIG. 3.
Typical PCR-based diagnosis by using samples from five children of Mizque, processed and amplified in duplicate and revealed by ethidium bromide staining after migration on 2% agarose gel. Lane 1, Hae III digested OX 174 DNA. Lanes 8 and 9, negative control sample (from a non-Chagasic person processed together with the five children). Lanes 14, positive control (confirmed Chagasic patient). Lanes 2 and 3, 6 and 7, and 10 through 13, four different patients with a positive PCR-based diagnosis. Lanes 4 and 5, one patient with a negative PCR-based diagnosis. two probes specifically label delimited clusters that probably in vectors and in patients of the Mizque community. If the null hypothesis of independent transmission and a lack of correspond to phylogenetic clades. Probes 20 and 39 should be equated to synapomorphic characters (derived characters interaction between the two groups of clonets are assumed, similar distributions of the clonets in vectors and patients are that are common to all members of a given clade, and only to them). The two clonets appear to exhibit radically distinct expected. Several hypotheses could explain this discrepancy.
(1) Temporal fluctuation of clonet frequencies in vectors. biological properties and tend to behave as distinct taxa (Laurent et al. 1997; Revollo, 1995) . Interestingly, other maThe clonets were detected in vectors and patients simultaneously. Chagas disease is a long-lasting infection, and a majorjor clonets (32 and 33, see Tibayrenc et al. 1986 ) were also present in the set of stocks analyzed by MLEE and RAPD.
ity of the patients were probably infected several years before the study. A different clonet distribution in vectors in the They were not recognized by probes 20 and 39 (Veas et al. 1991) , which corroborates the strict specificity of these past could explain the discrepancy currently observed. Twelve years ago, Tibayrenc et al. (1986) reported in various probes. Agreement between MLEE and RAPD results, on the one hand, and kDNA probe results, on the other hand, conlocations of Bolivia and in Cochabamba department comparable high frequencies of the two clonets in vectors. This firms overall parallel evolution between nuclear and kinetoplast genomes (Tibayrenc and Ayala, 1988) . These results do result and the lasting presence of the two clonets in vectors over large geographical distances support the absence of not favor the hypothesis that kDNA is similar to bacterial plasmids. Moreover, parallel results between nuclear (MLEE, temporal fluctuations in the clonet frequencies in vectors.
(2) Selection of a specific clonet in humans. The selection RAPD) and kDNA (probes 20 and 39) markers indicate a strong linkage disequilibrium between the two sets of markof one specific clonet in patients should be explained by differences of infectivity or parasitemia control by the imers, which is additional evidence for clonal evolution in T. cruzi (Tibayrenc et al. 1986; Tibayrenc 1995) . mune system. To analyze the infectivity of the clonets, it is necessary to compare the clonet distributions in vectors and Compared frequencies of clonets 20 and 39. Triatoma infestans is the main vector in the domestic cycle in Bolivia, in patients with recent infection. If the absence of an established immune response and the low probability of multiinwhere it makes a steady active transmission of Chagas disease in various departments. In Cochabamba department, fection are assumed, a similar distribution in these patients and vectors is expected. In the current sample, the distribuclonets 20 and 39 are always found frequently, as well as in the La Paz department, where we reported 65.8% and tion of the clonets in patients presenting a positive parasitemia, patients that should correspond to those with most 56.9% of triatomines infected by clonets 20 and 39, respectively (Bosseno et al. 1996) . Both clonets appear to be recent infection, was not significantly different from that of the vectors. Moreover, in a previous study, we observed a widespread over large geographical distances, because the localities surveyed in the La Paz and Cochabamba departsimilar result; we reported the presence of clonets 20 and 39 in children living in Cochabamba city (Bosseno et al. ments are about 400 to 600 km apart.
We observed a high discrepancy in the clonet distribution 1995). These patients, between a few months of age and 2 years old, had a recent infection (acute cases), as confirmed susceptibility to the clonets. In an experimental mouse model, authors showed the high infectivity and parasitemia by a positive parasitemia. Among these 15 patients, 3 were infected by clonet 20 only, 7 were infected by clonet 39 of stocks belonging to clonet 20, in contrast with clonet 39 (Sanchez et al. 1990; Laurent, 1997) . only, 4 were infected by the two clonets together, and 1 was not infected by either of the two clonets. The distribution Therefore, the intervention of various hosts in the domestic cycle could explain the persistence of clonet diversity of the clonets in this second group of children is similar to that found in the vectors of Cochabamba city ( 2 ϭ 2.4, in vectors. df ϭ 3, P Ͼ 0.05, see Table II ). The results of the two samples of patients in acute phase favor the hypothesis of ACKNOWLEDGMENT similar transmission behavior of the two clonets. Consequently, the selection should occur later in the infection. isoenzyme analysis after culture: 42% and 50% of them were infected by clonets 20 and 39, respectively (Brenière REFERENCES et al. 1989) ; among them, the patients from the Cochabamba department presented similar frequencies of the two clonets.
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